the alluvial aquifer. Tracer concentration changes during the FVPDM tests were interpreted as the 23 consequences of Darcy flux changes in the alluvial aquifer, which was related to changes in the applied 24 pumping rate. Piezometric levels were also monitored in piezometers located around the pumping 25 well. The pumping test was interpreted using classical analytical solutions, and the FVPDM tests were 26 interpreted using a new mathematical solution, which allows for calculating changes in Darcy fluxes 27 based on the FVPDM tracer concentration evolution during transient groundwater flow conditions. 28
The experiment demonstrated the FVPDM's ability to monitor, as well as be sensitive to changes in 29 transient groundwater fluxes. The FVPDM interpretation also showed contrasting results between the 30 upper part of the aquifer, which is made of loam and sand and slow groundwater flows prevail, and 31 the lower part of the aquifer, which is made of gravels and pebbles and intense groundwater flows 32 prevail. The mass balance equations applied to water and tracer in the injection well (Equation 2a and 2b) are 139 described in detail in Brouyère (2003) . 140
where Vw [L 3 ] is the water volume in the tested well (Vw=πrw with time (e.g. using a pressiometric probe) in order to calculated changes in the mixing volume Vw. 150
Assuming no tracer is present initially in groundwater, Ct is equal to zero and the term Qt Ct simplifies. 151 2 ℎ can be expressed based on Equation (2a) and introduced in Equation (2b) , giving 152 Equation (3). 153
The two terms simplify and Equation (3) leads to Equation (4): 156
157 Equation (4) can be solved using an implicit finite difference scheme over the time step Δt = tn+1 -tn. 158
Other types of finite difference schemes (e.g. explicit or central) could of course be considered. All 159 time-variable terms Qt, hw and Cw are thus expressed at time tn+1, i.e. Qt(tn+1), hw(tn+1) and Cw(tn+1) 160 respectively; is approximated over the time step as established by Brouyère et al. (2008) . 163
The evolution with time of tracer concentration in the well is given by Equation (6). 165
Finally, the transit flow rate Qt can be calculated at each time step as follows (Equation 7). 167
Under steady state groundwater flow conditions, hw and Cw are constant. In this case, the 169 concentration Cw in the tested well should stabilizes and Equation (4) can be expressed as follows: 170
Equation (8) is equivalent to Equation (16) in Brouyère et al (2008) . This will be illustrated further using 172 the results of the transient FVPDM experiment described in Section 3. The test site is located between the Albert Canal and Meuse River, which controls the piezometric 225 levels in the alluvial aquifer. The groundwater table is located approximately 3.2 m below ground 226 surface and the piezometric gradient in the alluvial aquifer is on the order of 0.6 % and directed 227 northeast toward the Meuse River. The site is equipped with one large diameter pumping well, 9 single 228 screened piezometers and 9 double-screened piezometers (including Pz19, which was used afterwards 229 for the FVPDM experiments). Pumping tests and tracer tests performed at the site (Brouyère Table 2 . 274
The FVPDM monitoring experiment can be divided into 4 phases ( Figure 6 ). The first, which 275 corresponds to the first 12 hours of the experiment, is considered a "warm-up" phase, during which 276 groundwater flow and the two FVPDM injections equilibrate with the pumping conditions generated 277 in the aquifer. The resulting relatively stable tracer concentration reached at the end of this phase is 278 used to calculate an initial groundwater flux value based on the steady state analytical solution from 279 The FVPDM experimental results from Pz19_shallow and Pz19_deep, which were completed during 293 the pumping test, are presented in Figure 6 . During the first phase of the experiment, when the 294 pumping rate is maintained at a stable 50 m³/h at the pumping well (Figure 6a) , the tracer 295 concentrations in the two tested piezometers are constant (Figures 6b and 6d) . In Pz19_shallow, the 296 tracer concentration stabilizes 2 hours after beginning the tracer injection at a relative concentration 297 showing that changes in drawdown takes more than 15 minutes to stabilize to any change of pumping 314 rate (Supplementary Material 2) . 315
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The FVPDM experimental interpretations in terms of groundwater fluxes was performed using 316 Equation (7) (Figures 6c and 6e) . Darcy fluxes calculated with Equation (7) can also be compared with 317 manual adjustments of the analytical steady state solution (Equation 8) during specific experimental 318 periods, when the groundwater flows are considered steady state. During step 1 and step 4, the 319 pumping steps were long enough to reach tracer concentration stabilization. Groundwater fluxes 320 calculated by the steady state analytical solution and by the finite difference transient solution are in 321 excellent agreement (Figure 7 ). This confirms that Equation (7) Pz19_deep for each decrease of 1.1 m³/h in the pumping rate. 331
The phase 4 multiple step pumping test results are presented in Figure 8 , which shows the drawdown 332 measured at the pumping well and monitored piezometers. Each 10 m³/h increase in pumping rate 333 leads to an additional stabilized drawdown of 2 cm at the pumping well and a maximum measured 334 drawdown of 0.11 m at 50 m³/h. Noise in the recorded groundwater levels is due to submersible pump 335 turbulence in the well. In piezometers Pz19_shallow and Pz19_deep, the monitored drawdown curves 336 are nearly identical with a maximal cumulative drawdown of 7 cm observed at 50 m³/h and stabilized 337 additive drawdowns of 1.4 cm for each 10 m³/h increase in the pumping rate. Observing similar 338 drawdowns in both piezometer is obvious because they are collocated and screened at two different 339 depths of the same aquifer. The pumping test interpretation using the Dupuit method (1863) and 340 The existence of a well or piezometer induces a local distortion of the groundwater flow field (Drost et 551 al. 1968 , Verreydt et al. 2014 . The difference between the effective groundwater flux occurring in the 552 aquifer and the apparent water flux measured in the tested well depends on the well construction 553 characteristics such as the thickness and hydraulic conductivity of the gravel pack and the hydraulic 554 conductivity of the well screen. This distortion coefficient is usually calculated through the flow 555 distortion or convergence/divergence factor (αw) which characterizes the degree of convergence or 556 divergence of groundwater flow in the vicinity of the monitoring well. In this study, the presented 557 groundwater fluxes resulting from the FVPDM experiment are apparent Darcy fluxes and are not 558 corrected using the convergence/divergence factor. 559
For a piezometer constructed with a filter pack, the convergence/divergence factor can be calculated 560 as follow (Drost et al. 1968) : 561 Where kA is the hydraulic conductivity of the aquifer, kF the hydraulic conductivity of the filter pack, 563 kS the hydraulic conductivity of the well screen. rI is the internal radius of the well screen, rO is the 564 outer radius of the filter screen and rB is the radius of the borehole. 565
The properties of the monitoring wells of the Hermalle-sous-Argenteau test site are given in table S1. 566
The hydraulic properties of the gravel filter pack and of the well screen were provided by the 567 manufacturer. Using these properties in Equation S1 give a convergence factor of 2.87. 568 The pumping steps applied between 25 and 38 hours into the test can be interpreted like a 584 conventional pumping test to estimate the hydraulic conductivity near the pumping well. The 585 piezometric drawdown has been recorded at 5 piezometers located around the well. For each pumping 586 rate the drawdowns at the piezometers are plotted as a function of their distance to the pumping well 587 as recommended by the Dupuis method. The fact that the calculated values of H²-h² (at the pumping 588 well and at the different monitored piezometers) align perfectly indicates that the Dupuit hypothesis 589 are respected and so justifies the use of the Dupuit method. The hydraulic conductivity is calculated 590 from the slope of the linear regression adjusted for each pumping rate. The mean hydraulic 591 conductivity for the tested alluvial aquifer is 0.0326 m/s. 592 593 Figure SM2 : Interpretation of the pumping test using the Dupuis method. The mean hydraulic 594
